The performance of a multichannel surface discharge switch has been investigated as a function of the dielectric material.
INTRODUCTION
A surface discharge switch, conducting the same current as many switches in parallel,has a lower impedance and avoids the complications of simultaneous triggering of parallel switches.
The surface switch owes its unusually low impedance to the geometry of the arc paths.
Designed as a section of a parallel planar transmission line, the switch offers minimum impedance change in the current path.
This technique can also be applied to a coaxial line if the switch dielectric is available in the form of a cylinder.
Measurements have been made on the delay and operating times of a surface discharge switch [1J and on the development and characteristics of the arc channels [2J.
Little research has been done in the crucial area of dielectric damage and erosion rates for various combinations of dielectrics, electrode materials, and filler gases. Because of the large number of possible combinations of these three parameters, we have chosen as a starting point to study only the dielectrics.
The best dielectric candidates from this study can then be combined with several gas-electrode pairs to determine the combination of the three parameters which produces the "best" surface discharge switch. This paper describes the test arrangement and results of the first of a set of experiments developed to determine which dielectric materials are best suited for use in triggered surface switches.
EXPERIMENTAL ARRANGEMENT
The experimental apparatus diagramed in Figure includes a 0.18 microfarad capacitor in series with a rail gap which is connected to the end of a 6 ohm stripline.
The surface switch shown in Figure 2 is designed so that electrodes and dielectric samples can be easily replaced.
The switch electrodes are 20.3 cm wide and the gap separation can be varied from 0.0 to 4.0 cm. The dielectric sample is placed in a slot that has been cut into the line insulator so that the discharge path is along the original dielectric/strip-conductor interface. In this arrangement, the switch geometry introduces very little additional inductance. The line is terminated in a matched, 6 ohm, copper sulfate water load.
A surface switch gap of 2. Capacitive probes in the stripline allow monitoring of the load voltage with an oscilloscope while a video camara records the multichanneling events at the switch. By using the pause feature of a video recorder when viewing the video tapes, the number of discharge channele can be counted and compared on a shot-to-shot basis.
EVALUATION PROCEDURE
To compare dielectrics, samples of each material are subjected to an identical evaluation procedure. Each sample is cut and machined to fit the stripline slot dimensions, 25.4 cm by 7.62 cm by 0.48 cm.
Care is taken during machining to minimize contamination of the samples. The sample is cleaned with methanol and then transformer oil is wiped onto the underside of the sample to reduce microscopic voids between the line insulator and the dielectric sample.
The brass electrodes are wiped with methanol and paper towels before they are clamped into position.
Each dielectric sample is subjected to 10,000 shots at 45 kV.
The energy per shot at this voltage is 180 Joules.
The
The above procedure is repeated near the end of the run, i.e. after 9500-9800 shots, establishing a "before" and "after" data base from which to compare degradation of dielectrics.
RESULTS AND CONCLUSIONS
Only one of the samples compared in Table I , boron nitride sprayed on a G-10 substrate, was damaged enough to noticeably alter the performance of the switch. Several samples showed grooves or eroded arc tracks up to 0.5 mm deep caused by the repeated occurance of arcs at the damage site.
The samples were inspected with the aid of an 80 power optical microscope.
Two of the samples, G-10 and Macor, showed no visible evidence of erosion.
Electron Spectroscopy for Chemical Analysis (ESCA) has been completed on three of the dielectrics: G-10, Lucite, and Delrin.
The analysis of the virgin sample of G-10 showed the composition to be approximately 74% carbon and 26% oxygen.
After 10,000 shots the surface material Table I Comparison of Dielectric Samples "Before" and "After" 10,000 Shots in the Surface Switch.
was found to be composed of 60% carbon and 40% oxygen. Delrin behaved similarly with a decrease in carbon from 75% to 33% and an increase in oxygen content from 25% to 67%. By contrast, the analysis of Lucite showed an increase in carbon from 71% to 77% and a decrease in oxygen from 29% to 23%.
These changes indicate an oxidization of the G-10 and Delrin surfaces although the analysis was not detailed enough to determine the particular oxygen bonding or the compounds involved.
The surface of the Lucite appears to have carbonized slightly which should have lowered the surface resistivity of the material.
Although this would eventually lower the selfbreak voltage, it might be beneficial in that surface charging would be reduced, promoting enhanced multichanneling.
The surface changes of the three materials, while significant, are difficult to evaluate in terms of performance of the dielectric in a switch. The preceding data,taken together with the visual inspection of all the samples and results from other investigations, indicate that a higher peak current is necessary to damage the dielectrics sufficiently to make a valid performance comparison.
Some of the samples showed a strong tendency to build up surface charges during the test procedure. After several huadfed shots, the number of channels per shot would decrease until only 2-5 channels would occur on any -shot. It was found that an air flow across the dielectric surface between the electrodes would remove these charges, allowing the switch to multichannel with 20 to 30 channels per shot throughout the entire 10,000 shot run.
To make the comparison between dielectrics consistent, the air flow was used during each run, even if a particular sample did not tend to collect charges.
The conclusions drawn from the data are that: a) A higher peak current per channel is needed to damage most of the dielectrics significantly, so that they can be compared accurately. b) For several dielectric materials, air flow for removal of surface charging (or some other charge removal technique) is essential to achieve dense multichanneling and, hence, low impedance and low erosion rates of the dielectric and electrode materials. c) Several of the samples tested, such as Delrin, Kapton, and Lucite, showed a tendency to arc repetitively in a few tracks and cause significant erosion only in those tracks. It is likely that these materials would erode too quickly to make a reliable switch, capable of conducting higher current than the test switch.
In order to compare dielectrics that showed no significant erosion, a higher current per channel or higher repetition rate is required. One method to be used to increase the current per channel will be to alter the electrode geometry so that only one channel occurs for each discharge.
The modification will increase the peak channel current to 7-8 kA, a regime that has shown a marked increase in damage rates in other investigations [3J.
